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ABSTRACT. Mountain gorillas (Gorilla gorilla beringei) occasionally eat material from weathered 
regolith (subsoil) sediments in the Virunga Mountains of northwestern Rwanda. The possible nutri- 
tional significance of this behaviour has been investigated by analyzing the geochemistry, primary 
mineral composition, and clay content of several regolith and surface soil (paleosol) samples. Iron, 
Na, and Br content may be important in geophagy, and clay present in the soil may also have nutri- 
tional importance. 
INTRODUCTION 
Mammalian generalist herbivores eat foods that vary in quality, and they need to feed 
selectively on a range of foods in order to satisfy nutritional requirements (WESTOBY, 1974). 
Deficiencies in essential minerals can arise because of this variability. For  example, foliage 
of terrestrial plants tends to be low in Na, and herbivores in areas with low available Na in 
soil and water may face Na deficiency (ROBBiNS, 1983). Mammals have a specific hunger for 
Na (ROZIN, 1976) and instances of selective feeding on Na rich foods by herbivores such as 
moose (BELOVSKY, 1981) and black and white colobus monkeys (OATES, 1978) have been 
reported. 
Geophagia -so i l  consumption not necessarily associated with mineral licks (RO~mNS, 
1983)--occurs commonly in wild herbivores and may help meet mineral and trace element 
requirements (RoBBINS, 1983; ARTHUR & ALLDREDGE, 1979). Clay particles in ingested soil 
can adsorb dietary toxins and aid in their excretion and can have an effect on gut pH that is 
favourable to symbiotic bacteria (OATES, 1978), although they can also chelate metal ions 
and prevent their adsorption (RoBBINS, 1983). Sodium salts, existing as precipitates on animal 
bodies or near springs and as encrustations on plants, have served to stimulate licking by 
African buffalo (Syncerus caffer SPARRMAN) (SINCLAIR, 1977; MLOSZEWSKI, 1983). 
Mountain gorillas (Gorilla gorilla beringei) studied at the Karisoke Research Centre in 
Rwanda's Parc National des Volcans have been observed to eat sediment that they dig from 
slightly weathered regolith (mass wasted deposits) (FOSSEY & HARCOURT, 1977; FOSSEY, 
1983; WATTS, 1984). Not all study groups or individuals have been seen to eat such sediment. 
Those groups that eat sediment do so only five to six times per year, so that geophagia ac- 
counts for only a tiny fraction of  dietary intake (WATTS, 1984). Karisoke Group 5, however, 
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has repeatedly visited several specific subsoil-eating sites in the Hagenia-Hypericum wood- 
land zone at about 3,000 m over many years (FOSSEY. 1983; WATTS, pers. obs.). Indeed, 
signs of geophagia by bushbuck (Tragelaphus scriptus) and black-footed duiker (Cephalophus 
nigrifrons) are regularly found at Karisoke Group 5's digging sites. 
Gorilla visits last up to 30 rain, and all group members other than small infants excavate 
and eat sediment (WATTS, pers. obs.). This suggests that geophagia has some nutritional 
importance to the participating gorillas. Alternatively, it may be a behavioural tradition in 
this group, with no important nutritional consequences. We analyzed a small but representa- 
tive regolith (essentially residual mantle of loose, incoherent country rock -- basalt) sample 
suite, to try to identify chemical factors that might play a role in sediment eating. 
FIELD AREA AND METHODS 
The Karisoke study area is in the central group of Virunga Volcanoes and extends into 
both Rwanda and Zaire (see Fig. 1). Group 5's sediment eating sites are on the Rwandan 
side of Mt. Visoke, on steep ravine-edge slopes in Hagenia-Hypericum woodland at about 
3,000 m. The material that the gorillas eat comes from regolith (subsoil) that underlies thick 
reddish-brown paleosols (surface soils) that formed after episodic mass wasting and volcanic 
activity. These sediments contain a high content of ferromagnetic and feldspathic minerals 
consisting primarily of anorthoclase, olivine, pyroxene, and hornblende. 
The subsoil samples were collected below the surface paleosol cover in exposed outcrops 
that the gorillas use. The surface paleosols formed from weathering of this regolith over the 
last 50,000 years. 
Paleosol and sediment colours were estimated using the colour chips of OYAMA and TAKE- 
HARA (1970). Regolith and paleosol samples were collected and dried after removing the 
granule and pebble fractions ( > 2  into). Each sample was X-rayed using Ni-filtered Cu K,  
radiation to determine the mineral content of the <2/~m fraction following procedures out- 
lined by WHITTIG (1965) and MAHANEY (1981). The remaining material of less than 2 mm in 
average diameter was subsampled and placed in small flip-top vials for neutron activation 
analysis in the SLOWPOKE Reactor at the University of Toronto (HANCOCK, 1978, 1984). 
RESULTS AND DISCUSSION 
PHYSICAL PROPERTIES 
The samples collected have greyish olive (5Y 5/2), grey (5Y 5/1), dark greyish yellow 
(2.5Y 5/2), and dull yellowish brown (10YR 5/3) colours (OYAMA & TAKEHARA, 1970). 
Yellow colours allow estimations of clay content; brown colours relate to Fe and organic 
(the latter being very small); and grey colours (which dominate) relate to the amounts of 
essentially unweathered basaltic clasts. The paleosol colour gives the 10YR hue cited above. 
There appears to be no relationship between the colour of the soil and the gorillas' soil eating 
habits. 
The textures of the subsoil samples studied are 10-15~ sand, 77-83 ~/o silt, and 13-19~ 
clay. The relative uniformity of particle size distributions apparently provides no rationale 
for the gorillas' sediment eating, but the high clay content of some sediment samples might 
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poss ibly  be a fac tor  in geophagia .  OATES (1978) r epor ted  tha t  b lack  and  white colobus  mon-  
keys in the Kiba le  Fores t ,  Uganda ,  regular ly  eat  soil high in chlor i te  clay minerals.  A l though  
this soil is also r ich in several  elements (e.g. Na,  Cu), there was no evidence tha t  the rest o f  
the diet  was low in these nutrients.  OATES suggested tha t  the lat t ice s t ructure  o f  the clay might  
funct ion  to adso rb  and  help excrete p lant  toxins and /o r  help regulate  the p H  of  the monkeys '  
ruminant - l ike  fore-s tomachs .  M o u n t a i n  goril las,  like colobines ,  are folivores tha t  rely heavi ly 
on symbiot ic  gut  bacter ia  to ob ta in  adequa te  nutr i t ion.  They  should  need to main ta in  a 
favourab le  envi ronment  for  these bac ter ia  and  to protect  bo th  their  own and the bacter ia l  
enzyme systems f rom the disrupt ive  effects o f  compounds  such as tannins.  
Abras ion  p H ' s  are high (10-11) as would be expected f rom the rock- fo rming  mineral  
composi t ion .  These highly a lkal ine  mater ia ls  can be expected to conta in  very low levels of  
p (even though  it was not  measured  in this study),  e l iminat ing a search by the gori l las for  
this biological ly  impor t an t  e lement  as an explana t ion  for geophagia .  
GEOCHEMISTRY 
Table  1 shows the concent ra t ions  of  34 elements for  the upper  surface soil (paleosol) ,  and  
Table 1. Geochemical analyses of a paleosol and regoliths near the Karisoke Research Centre, in 
the Hagenia Woodland,  Virunga Mountains, northwest Rwanda.* 
Elements Paleosol Regoliths 
N a ~  2.27 0.78• 
Mg~ 2.0 1.1 • 
A I ~  7.8 10.0• 
CI 440 <_ 200 
K ~  4.1 1.5• 
Ca% 5.0 2.1 • 
Sc 15.2 18.4• 
Ti% 1.8 1.5• 
V 270 190• 10 
Cr 122 170_I_110 
Mn 1480 1500:3_ 200 
F e ~  8.1 7.5• 
CO 33.0 26• 
Ni 28 _< 34 
As 1.9 3.2• 
Br 6.0 11• 
Rb 122 49 • 3 
Sr 1040 490-- 50 
Sb 0.17 _<0.22 
Cs 1.1 0.9• 
Ba 1260 1400• 100 
La 98.2 130• 
Ce 171 260-z40 
Nd 50 67 • 6 
Sm 9.6 13.0_+_0.7 
Eu 2.7 3.2• 
Tb 1.1 1.5• 
Dy 3.4 5.4-4-0.9 
Yb 2.2 3.35_0.2 
Lu 0.30 0.542:0.03 
Hf 7.14 10.95_0.4 
Ta 9.1 12.7• 
Th 21.4 32.34-1.2 
U 3.8 5.8• 
*Data in ppm unless otherwise indicated. 
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Fig. 2. Chondrite-normalized plots of rare earth elements of KAR2 (subsoil samples) and surface 
soil samples from nearby. 
the group mean levels + l  standard deviation for the same elements in the four regolith 
samples. Concentration levels in the two sample sets overlap or are close for many of the 
elements. Also, chondrite-normalized plots of the rare earth elemertts (Fig. 2) are remarkably 
consistent in form, indicating that the surface soil and the regolith samples are geochemically 
very similar. Some trends distinguish the two data sets, however: concentrations of AI, Sc, 
Cr, As, Br, and the heaviest elements (the rare earth elements, Hf, Ta, Th, U) are higher in 
the regolith; some elements (Mn, Fe, Ba, Co) are about the same; and the alkali and alkali- 
earth elements and others (Na, Mg, K, Ca, Ti, V, Rb, Cs) tend to be depleted in the regolith. 
Table 2 gives complete data on ten elements that are of particular interest. Nine are essen- 
tial nutrients (RoBBINS, 1983). The tenth, Br is not known with certainty to be essential. Data 
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Table 2. Geochemistry of regolith samples mined by mountain gorillas at Karisoke in the Virunga 
Mountains, Rwanda.* 
Elements 
Sites Na Mg ~ AI ~o CI K ~ Ca ~o Mn Fe Co Br 
KAR2-1 8320 1.2 10.3 _<240 1.6 2.5 1350 7.40 24.6 11.4 
KAR2-2 9460 1.1 10.1 <140 1.7 2.1 1420 7.31 24.1 9.2 
KAR2-3 8170 0.9 10.4 _<170 1.3 1.8 1840 7.94 31.3 11.9 
KAR2-4 7890 1.3 9.9 _<120 1.3 1.8 1380 8.08 25.3 10.3 
*Data in ppm unless otherwise indicated. 
on the gorilla's intake of three of these (Ca, Mg, and K) from plant food sources are available 
(WATTS, 1983; WATERMAN et al., 1983). 
Only Br (nearly twice as abundant in the regolith samples, which were eaten) stands out 
as a potentially significant factor in geophagia in comparison between the two sets of  
samples. Many of the other elements were actually more abundant  in the paleosol, which was 
not eaten. 
The Na content is high in both data sets, resulting from the volcanic origin of the surface 
soils (paleosols) and the regoliths, and although the Na  content of  the regoliths is lower than 
the paleosol, it still may be nutritionally important. The low CI concentrations preclude the 
Na being in the form of NaC1. 
The Fe content is of  potential interest because the mountain gorillas range primarily be- 
tween 2,400 and 3,500 m and reach as high as 3,800 m. They may require relatively large 
amounts of Fe for the erythrocyte production, as is true of high altitude human populations 
(STICKNEY 8~. VAN LIERE, 1953; MATTHEWS, 1954). African buffalo at 2,000-3,000 m above 
sea level on Mt. Kenya apparently replenish blood Fe levels through geophagia (MAHANEY, 
1987). Iron levels in both the paleosols and regolith are, like Na, higher than normal because 
of their volcanic origin, and may therefore be a source of Fe replenishment. 
The Ca content of several important gorilla foods is comparable to, or higher than, the 
Ca content of  the regolith samples. For  example, Galium ruwenzoriense, Carduus nyassanus 
leaves, and Laportea alatipes leaves, staples that contribute about 50 ~ of the gorilla's diet 
(WATTS, 1984) contain 1.92}~o, 2 .80~,  and 2.95 ~o Ca by dry weight, respectively (WATTS, 
1983). Peucedanum linderi stcms, another staple, contain 5 ~,; K by dry weight. Weighted 
mean dietary values for these two elements in the diet of one gorilla group were 3.77 ~ of  
the total dry weight intake for K and 1.80 % for Ca (WATTS, 1984). It therefore appears un- 
likely that either element is an important  factor in geophagia. 
The subsoil Mg content is relatively high in comparison to the weighted mean dietary 
value for this element (0.24~/o of the total dry weight intake; WATTS, 1984), but is much 
lower than the paleosol content, and is a doubtful factor in geophagia. 
Manganese and Co concentrations are relatively high in both the paleosols and regoliths, 
again because of their volcanic origins, but their availability from gorilla plant foods is 
unknown. 
Although A1 is one of the few elements to increase in concentration from paleosols to 
regoliths, there does not appear, at this time, to be a nutritional requirement for excess Al. 
CONCLUSIONS 
Geophagia may provide mountain gorillas with an important source of essential minerals 
or trace elements. Sodium and Fe emerge as possible candidates: both are abundant in the 
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ingested materials. The gorillas may have a special need for Na because the montane vegeta- 
tion tends to be Na depleted (ROBBINS, 1983) and for Fe because of the altitude of  their 
habitat. Data on dietary Ca and K rule out the possibility that the regoliths may provide 
these nutrients. Geophagia may supplement the overall intake of Mg and Br. 
A second possible nutritional explanation for sediment eating by gorillas is that the clay 
fraction of the ingested material may help adsorb and excrete toxins, or may help maintain 
a gut pH favourable to bacteria on which the gorillas depend for some of their nutritional 
needs, as suggested for black and white colobus monkeys by OATES (1978). Chimpanzees 
at Gombe also regularly eat small amounts of clay-rich soil (that also contains substantial 
amounts of K, Mg, and Ca) from termite mounds (GoODALL, 1986). Clay composition does 
not appear to be important in explaining why gorillas repeatedly use particular sites, because 
there are no crystalline clay minerals present in the samples studied. 
A third possibility is that sediment eating is a behavioural tradition that has no real nutri- 
tional significance, or that at least does not correct nutritional deficits. HARCOURT and 
STUART (1977) have made this suggestion for coprophagy, which occurs very infrequently in 
all research groups. WATTS (1989) has similarly suggested that ant eating which like geopha- 
gia is restricted to certain groups/individuals, is an acquired taste that supplements the in- 
take of certain nutrients but is not nutritionally essential. Given the infrequency of geo- 
phagia, it is a real possibility that it has almost no essential nutritional role. 
Acknowledgements. This research was supported by Natural Sciences and Engineering Research 
Council of Canada (Grant A9021) to W. C. MAHANEY and by an NSERC infrastructure grant to 
the SLOWPOKE Reactor Facility of the University of Toronto. The inspiration for this research 
came from my (W.C.M) constant companion G. MAHANEY. Field work was authorized by l'Office 
Rwandaise du Tourisme et des Parcs Nationaux, and permission to work at Karisoke was given by the 
Digit Fund. Laboratory analysis was completed in the Geomorphology and Pedology Laboratory 
at York University and at the SLOWPOKE Reactor Facility at the University of Toronto. LINDA 
MAHA'NEY and RENE BARENDREGT (University of Lethbridge) assisted with the field work in 1987. 
D.W.'s field work was supported by NIMH grant 5T32MH 15181-03 and by the Digit Fund, the 
L.S.B. Leakey Foundation. The World Wildlife Fund, U.S., The Wildlife Preservation Trust Inter- 
national, the Chicago Zoological Society, and the Eppley Foundation for Research. 
REFERENCES 
ARTHUR, W. J. 8g. A. W. ALLDREDGE, 1979. Soil ingestion by mule deer in North-central Colorado. 
J. Range Manage., 32: 62-71. 
BELOVSKY, C.~ 1981. A possible population response of moose to sodium availability. J. Mammal., 
62 : 631-633. 
FOSSEY, D., 1983. Gorillas in the Mist. Houghton Mifflin Co., Boston. 
- -  8~: A. H. HARCOURT, 1977. Feeding ecology of free-ranging mountain gorillas (Gorilla 
gotqlla belqngei). In: Primate Ecology: Studies of Feeding and Ranging Behaviour in Lemurs, 
Monkeys and Apes, T. H. CLUTTON-BROCK (ed.), Academic Press, London, pp. 415-447. 
GOODALL, J., 1986. The Chimpanzees of Gombe. Harvard Univ. Press, Cambridge. 
HANCOCK, R. G. V., 1978. Some aspects of the analyses of ancient artifacts by neutron activation 
analysis. J. Intern. Inst. Conserv.-Canad. Group, 3: 21-27. 
- - - - ,  1984. On the source of clay used for Cologne Roman pottery, Arehaeometry, 26: 210-217. 
HARCOURT, A. H. & K. J. STUART, 1977. Coprophagy by wild mountain gorillas. E. Aft'. Wildl. J., 
16" 223-225. 
MAHANEY, W. C., 1987. Behaviour of the African buffalo on Mount Kenya. Afr. J. Ecol., 25: 199- 
202. 
, 1981. Paleoclimate reconstructed from paleosols: evidence from the Rocky Mountains 
120 W.C.  MAHANEY et al. 
and East Africa. In:  Quaternary Paleoclimate, W. C. MAHANEY (ed.), Geobooks, Norwich, 
pp. 227-247. 
MATTHEWS, B., 1954. A discussion of the physiology of man at high altitude. Proc. Roy. Soc., Set  
B., 143: 1-4. 
MLOSZEWSKI, M. J., 1983. The Behaviour and Ecology o f  the African Buffalo. Cambridge Univ. Press, 
London. 
OATES, J., 1978. Water-plant and soil consumption by guereza monkeys (Colobus gaereza): a rela- 
tionship with minerals and toxins in the diet? Biotropica, 10:241 253. 
OYAMA, M. & H. TAKEHARA, 1970. Revised Standard Soil Colour Charts. Japan Research Council 
for Agriculture, Forestry and Fisheries. 
ROBBINS, C. Z., 1983. Wildl(fe Feeding and Nutrition. Academic Press, New York. 
ROZIN, P., 1976. The selection of food by rats, humans, and other animals. Adv. Stud. Behav., 6: 
21-76. 
SINCLAIR, A. R. E., 1977. The A[rican Buffalo: A Study o[" Resource Limitation o f  Populations. Univ. 
of Chicago Press, Chicago. 
STICKNEY, J. C. & E. J. VAN LIERE, 1953. Acclimatization to low oxygen tension. Physiol. Rev., 33; 
13-34. 
WATERMAN, P. G., G. CHOO, A. VEDDER, • D. P. WATTS, 1983. Digestibility, digestion inhibitors 
and nutrients of herbaceous foliage and green stems from an African montane flora and com- 
parison with other tropical flora. Oecologia (Berlin), 60: 244-249. 
WAT'tS, D. P., 1983. Feeding strategy and socioecology of mountain gorillas (Pan gorilla beringei). 
Unpubl. Ph.D. dissertation, Univ. of Chicago. 
- - ,  1984. Composition and variability of mountain diets in the Central Virungas. Amer. J. 
Primatol.. 7:323  356. 
- -  , 1989. Ant eating behavior of mountain gorillas. Primates, 30: 121-125. 
WESTOBY, M., 1974. An analysis of diet selection by large generalist herbivores. Amer. Naturalist, 
108 ; 290-304. 
WHITTIG, L. D., 1965. X-ray diffraction techniques for mineral identification and mineralogical com- 
position. In: Methods o f  Soil Analysis, C. A. BLACK (ed.), American Society of Agronomy, 
Madison, Wisconsin, pp. 671-696. 
Received April 14, 1989; Accepted June 10, 1989 
Authors" Names and Addresses: WILLIAM C. MAHANEY, Geomorphology and Pedology Laboratory, Atkinson 
College, York University, 4700 Keele Street, North York, Ontario, Canada M3J 1P3; DAVID P. WATTS, Depart- 
ment of  Anthropology, University of  Michigan, Ann Arbor, Michigan 48109, U.S.A.; R.G.V. HANCOCK, Depart- 
ment of  Chemical. Engineerhtg and Applied Chemistry, University of  Toronto. Toronto, Ontario, Canada, IFI5S 
1A4. 
